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Abstract

Background:

School entry marks a tremendous change in the rehnilsl life style which might well be
relevant for the emergence of overweight. Previstuslies suggested a dramatic increase in
the prevalence of overweight during this age.

Objective:

To compare the age specific balance between thdeimoe and remission of overweight
between pre-school and primary school age children.

Design:

We combined the data of three studies which had loeaducted within the setting of the
compulsory school entry health examination in défé parts of Germany, one covering
retrospective cohort data from age two to schotiygim = 5,045), one prospective data from
school entry to fourth grade (n = 1,235), and onthl{n = 1,194).We assessed rates of
incidence and remission of overweight and obesiynfage two to school entry and from
school entry to % grade.

Results:

In preschool age, the pooled incidence for overtteigas 8.2 [95% confidence interval: 7.5,
8.9] % compared to a remission rate of 62.6 [58617] %, yielding a prevalence at school
entry of 10.7 [9.9, 11.5] %. In primary school agee pooled incidence for overweight
increased to 14.6 [13.1, 16.1] %, while the remissate was reduced to 17.7 [13.8, 22.3] %
yielding a prevalence of 23.7 [22.0, 25.4] % inrfbugrade. A similar pattern was observed
for obesity.

Conclusions:

While high remission rates balance incident ovegivein pre-school years, the dramatic

increase in the prevalence of overweight and opésiprimary school years reflects a higher
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incidence and even more a lower remission rate.si@Bberevention programs in primary

school age are mandatory and need to address grandrsecondary prevention elements.
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Introduction

A recent German obesity intervention study from ¢itg of Kiel, called the Kiel Obesity
Prevention Study (KOPS), suggested a dramatic aseren the prevalence of overweight
during primary school age in its control afmwhich was even stronger in an East German
cohort 2. These findings correspond to data from the KiG&S8vey, a representative
nationwide cross sectional study on children analemtents in Germany. The prevalence of
overweight (including obesity) was below 10 % inldten at preschool age (3-6 years) but
increased to above 15 % in primary school age @il@7-10 years)

The prevalence of any medical condition is a reibecof incident cases and remission, when
cases revert to normal health or die from the diseAnalogously, prevalence of overweight
or obesity at any time point reflects the balaneéveen newly emerging cases (incident
cases) and remission from overweight by becomirmghnabweight during the preceding time
period. In individuals without remission from oveaght or obesity the condition will persist
and persistence can be defined by subtractingateeaf remissions from 100 %. If there are
more new, incident cases than remissions the meealincreases in a defined population.
The distinction between incidence and remissioowarweight or obesity is important with
respect to preventive strategies against childhobesity. Already overweight or obese
individuals might require a more intensive, targetetervention than those not overweight
yet. Obesity prevention programmes for all childa¢tempting to promote healthy eating and
physical activity in primary school age childrerdhiadeed limited overall succe$S. Could
this be explained by the need for a targeted (feertic) interventional approach at
overweight school age children in whom remissi@mfroverweight is poor?

To test the hypothesis that there is a differentehie balance between incidence and
remission from overweight between pre-school amthgny school age children, we analysed
a set of German cohort data. Differences in theriwa of incidence and remission of

overweight in pre-school and primary school agédedn might explain the dramatic increase
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of overweight after school entry and hint to theechedf an age specific approach against

childhood overweight.
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Materials and Methods

Data

School entry health (SEH) examinations allow fgopulation based access to large samples
of children in preschool age. In Germany, the SEHsually performed up to one year before
children begin to attend primary school.

We had data available from records of n = 7,02&lokm participating in the SEH in Bavaria,
Southern Germany, in 2001/02. Children’s age rarfgad 54 to 88 months, with 99 % of
the subjects in the age of 60-83 months. Togetlir tive invitation to the compulsory SEH,
parental questionnaires had been distributed auntpiquestions on sociodemographic
variables and early childhood as well as on matemegght and height. Specifically, parents
were asked to copy their offspring’s weight measwets at two years from their well baby
checkup booklets where the findings of regular fseeharge health examinations including
anthropometrics are recorded. The response rat8Wads%. No follow-up was performed in
this study, which has been described in more delsgéwheré.

The setting of the SEH was used in the city of Kidrthern Germany, to recruit children for
the KOPS study between 1996 and 2001. Contrarftd Sudy from Bavaria, the invitation
to participate in KOPS was not linked to the inigegion to the compulsory SEH. Children
and parents were directly contacted at the SEH.tDlienited personnel power of the KOPS
team, only a part of SEHs could be accompaniedtlansl used for study recruitment (54.6%
of the 12,254 children who participated in the SEHKiel between 1996 and 2001 were
contacted). Accompanied SEHs were chosen randamdiifierent districts in Kiel without
preferential selection of schools. Of those whoen@ntacted, 74.7% agreed to participate in
the study resulting in the collection of data on 4,997 children. Age range was between 52
and 93 months, with 99% of the subjects in the @gé3-88 months. This population was
shown to be representative for all children in Kesitering the SEH in these yedts

Information on weight and height at 2 years wastrabted from the well baby checkup
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booklets during the SEH. In addition, mothers sefferted their own height and weight and
filled out a questionnaire about sociodemograplacables. A school-based intervention
program against the development of obesity wasopedd in first graders of two to four
“intervention schools” per year (1996-2001), withive schools being randomly assigned to
the intervention and non-intervention groups. Fgears after the respective SEHs (i. e.
between 2000 and 2005), 4,487 children were exaimilieing a second compulsory school
health examination which took place in tHegtade (usually at the age of 10 years). Due to
privacy policy KOPS was not allowed to directlylé-up (i.e. by name) the children who
had been measured at the foregoing SEH. Therefioeerecruitment procedure in th&' 4
grade was similar to that at the SEH, and 36.6% #487) of all 4 graders could be
involved in the study. Unfortunately, we were ndileato distinguish between non-
participation due to refusal or because we didme¢t the students (we did not accompany all
school health examinations; see above). With tie diethe pseudonymized study code, we
could identify a total of n = 1,764 children (35&fthe children measured at SEH) who were
enrolled in KOPS at school entry as well as inrtdBigrade. For the analyses, we used only
the data of children attending the non-intervensohools (n = 1,419). More details on KOPS
have been described elsewhet®

Recruitment for the GME (Gesundheits-Monitoring4igiten, health monitoring units)
survey 2005/06 was also realized within the SEH total of six regions (including cities and
rural districts) in Bavaria. In one city (Ingolstadnd one rural district (Gunzburg), a second
survey was performed in 2009/10 when the childremewin their i) grade. Parents were
asked for their consent to retrospectively linksthelata with the data of the first survey at
school entry. In these two study regions, the fastvey 2005/06 yielded data of n=2,409
children at school entry including sociodemograpihiaracteristics and maternal weight and
height (response rate: 85%). Age range was betw@&eand 90 months, with 99% of the

subjects in the age of 60-83 months. Details onsthdy at this stage have been published
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elsewhere™. Follow-up from SEH to @ grade was realized in n=1,252 cases (52.0 %).
Again, height and weight were measured at this pwiat. No measurements for the age of 2

years were available in the GME data.

Statistical analyses

For the ages of 2 years, school entry afidytade, children’s body mass index (BMI) was
calculated based on their weight and height measemes. Overweight (including obesity)
and obesity were defined based on sex- and agéfispeference values of the International
Obesity Task Forcé”. Likewise, we calculated maternal BMI and defire®MI above 25
kg/m2 as maternal overweight. Low parental educatias defined as less than 10 years of
school education of both parents in all three stsidi

We restricted the datasets to those observationsiding full information on BMI
measurements at 2 years, school entry dhdrade (KOPS, cases with full information: n =
1,194), BMI at 2 years and school entry (SEH 20R1f0= 5,045), or BMI at school entry
and 4" grade (GME, n=1,235).

We calculated rates of prevalence of overweightabesity at 2 years, school entry and 4th
grade, both sample-specific and in total. Basethese values, we assessed rates of
incidence, remission and persistence of overweightobesity between 2 years and school
entry (based on data from KOPS and SEH 2001/02patwleen school entry and 4th grade
(based on data from KOPS and GME). Persistenceesfs@ight and obesity was defined as
100% minus the respective remission rate. We fucthkeulated 95% binomial confidence
intervals (CIs) for all overall estimates of prearate, incidence, remission and persistence.
Additionally, we assessed differences in incidesioeé remission of overweight and obesity
between subgroups defined by sex, parental educatid maternal overweight, using

Fisher's exact test. In order to assess the elation between incidence and baseline BMI
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percentile we also compared rates of incidencevefveeight and obesity between 2 years and
school entry as well as between school entry andjetde in children lying in the lower vs.
upper half of the sample-specific BMI distributiahthe age of 2 years and school entry,
respectively. All calculations were carried outhwilbe statistical software R 2.9.0

(http://cran.r-project.org).
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Results

The proportion of parents with a low educationakist was between 23.7 % and 30.5 % in
the individual studies (table 1). The studies was® comparable with respect to proportions
of male children as well as with respect to agechbol entry and in"4grade.

In the studies with information about weight staéti® years (KOPS and SEH 2001/02), the
prevalence of overweight (including obesity) in@@a only slightly until school entry by 2.1
[1.0, 3.1] % (combined cohorts) although the inomkefor overweight in this age period was
8.2 [7.5, 8.9] %. This small increase in prevaleogeld be explained by the high remission
rates of 62.6 [58.4, 66.7] % in this age periodilevh66 of the 5701 not overweight children
at the age of two became overweight until schodlyeage, 337 of the 538 children
overweight at the age of two were no longer ovegivieat school entry. Remission therefore
counterbalanced a substantial part of the incideh@xerweight between the age of two and
school entry (table 2). With respect to obesityikir results were observed, with an even
higher remission rate (73.5 [62.7, 82.6] %).

In contrast, the prevalence of overweight increasetsiderably between school entry and the
age of ten by 10.2 [8.0, 13.1] % (combined cohoiitk)s considerable increase in prevalence
was based on a 14.6 [13.1, 16.1] % incidence ferweight in this age period which was not
balanced by the remission rate of only 17.7 [1238,3] %: while 306 of the 2102 not
overweight children at school entry became overiately the age of ten, only 58 of the 327
children overweight at school entry were no longerweight at the age of 10 (table 3).
Consequently, the contribution of persistence ofraeight to the overall prevalence of
overweight was significantly higher in primary sohage (269/575 = 46.8 [42.6, 51.0] %)
than in preschool age (201/667 = 30.1 [26.7, 3%8] This was even more pronounced for
persistence of obesity (48/112 = 42.9 [33.5, 526¢ompared to 22/181 = 12.2 [7.8, 17.8]

%).
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Rates of incidence of overweight (including obeésityere similar in male and female
children, but significantly (p<0.05) increased Hildren of parents with low education and in
children of overweight mothers (table 4). Ratesrarhission were lower in the latter two
groups (only borderline significant). Analyses fiocidence and remission of obesity yielded
equivalent results (data not shown).

The incidence rates of overweight and obesity wgegrificantly higher in children starting in
the upper half of the BMI distribution compared ttmose in the lower half of the BMI
distribution in both periods examined (table 5). thre latter, the rates of incidence of
overweight and obesity were below 5 % and 1 %,aetbgely. The incidence for overweight
in children in the upper half of the BMI distriboti at school entry (28.7 [25.8, 31.9] %) was
considerably higher than in children in the uppaf bf the BMI distribution at the age of two

(13.0 [11.7, 14.3] %).
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Discussion

The presented cohort data confirm a considerabiheri prevalence of overweight and
obesity in ten year old compared to preschool ohildn Germany. The low prevalence of
overweight and obesity in preschool children rda#idcan almost balanced emergence
(incidence) and remission of overweight and obesitghe age range from two years to
school entry. The considerable increase in the gheece of overweight / obesity during
primary school age in our data could only parti&iéyexplained by higher rates of incidence.
Considerably lower remission rates during primacha®l age, which were consistently
observed in two cohorts recruited in different oeg in Germany, were at least equally
important. Low remission rates and high inciderates were most pronounced in children of
parents with low education and of overweight mathevhile no sex-specific effects were
observed.

There are only very few studies addressing age ifspaacidence and remission of
overweight / obesity in childhood. Nader et al.lgsed the probabilities of overweight at the
age of 12 as function of BMIs at an earlier &jaNhile less than half of the children with a
BMI above the 85 percentile at the age of two years were overweigltite age of 12 years,
this probability increased to almost 80% by the afjseven. These observations match our
findings of a considerably higher persistence adraxeight in school age children compared
to toddlers. Kim et al. analysed age specific ianck and remission rates for a one year
observation period school age childfénAs in our data the remission rates were low.

Our analyses go beyond these studies by addrets®rage specific balance of incidence and
remission of overweight in pre-school and schod elgildren, demonstrating that increased
persistence of overweight in school age childrery maplain the substantial increase the
prevalence of overweight / obesity in primary sdhduoldren. Similar patterns with a higher
prevalence of overweight / obesity in children atary school age were observed in cross-

sectional studies in Norway and Finland*® and less so in Ireland. Cross-sectional data
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from Japan'® and Hungary®® on primary school children showed increasing raiés
overweight in pre-pubertal years.

These findings have important implications for tt@ncepts on emergence of childhood
obesity and intervention strategies against chibdhmbesity. The main argument for
interventions against obesity in preschool childierbased on lifetime courses of BMI or
other markers of childhood obesity in overweightobese children and adolescents. These
analyses were based on comparisons of the timeseoof age specific mean BMI in
overweight or non overweight adolescefft&’ In children who were overweight later in life
higher average BMI values started to emerge inchied years, reflecting fairly good BMI
tracking over the life cycl&. However, not all overweight toddlers will be oweight by the
age of ten, and many of those overweight by theaigen have not been overweight at an
early age. Our approach, applying age specificdemie and remission (persistence) rates
allows analysing the mechanisms for increasing gdezxce of overweight in primary school
age children. While incidence and remission of exght appeared to be almost balanced in
preschool years, this balance appeared to becoifitedsim primary school years due to
increasing incidence and lower remission rates.

A further interesting finding pertains to the imt#ation of the BMI distribution - upper
versus lower half - at the age of two or at schaydly and the incidence of overweight and
obesity in subsequent years. While only few childvdath a BMI in the lower half of the
distribution became overweight in the subsequentr fgear time period, the respective
incidence was considerable for those in the uppér About one out of seven of the 2-year
olds and almost one out of four of the respectiwéden at school entry became overweight
in the subsequent four year time period. Therefdse children with a BMI between the'50

and 90" percentile at school entry might need to be tarbjténtervention programmes.
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Strengths and limitations:

It is unlikely that our results were prone to sétetbias, since both the KOF&nd the GME
data were based on representative samples andtharé&0 % of the target populations had
been captured for the Bavarian SEHs of 2001/02.

Low follow-up from school entry to™grade, however, might introduce selection biae Th
reason for this lower follow-up was partly relatedthe data collection strategy. Children
were not individually tracked. There were losse$ottow-up due to families moving out of
the region, non attendance on the particular dayhef measurement or due to some schools
withdrawing their permission for measurement infthath term (in the KOPS study). While
these causes of loss to follow up are not likelyatrount for bias, noncompliance of
individual children might be related to the maintammes incidence and remission of
overweight and therefore account for bias.

In order to assess potential bias by loss to follpy we compared sociodemographic
characteristics of children with and without susfekfollow-up. In the KOPS study, the
children not followed up had more often parentshvéatiow educational status compared to
children followed up (40.4 % compared to 24.4 %hEr’'s exact test: p<0.01). In the GME
study, low educational status was also more oftenrded in parents of children not followed
up (28.7 % compared to 23.7 %, p<0.01). Howeveesraf incidence were higher and rates
of remission were lower in children of parents witv educational status. Therefore bias due
to lower compliance in children of parents with l@g@ucational status is towards unity
suggesting that our data would rather under- thaarestimate the incidence and persistence
of overweight in primary school age children.

It would be ideal to run these analyses on a “ceteplcohort followed up from infancy to
the end of primary school age. The KOPS cohort thasadvantage of having identical
children assessed both in the first (preschool) ianithe second (primary school) four-year

periods. The drawback of this cohort is that folop during primary school age was low.
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The SEH data provide confirmation of the presch¢OIPS findings in a different sample
capturing 80.4 % of the preschool target populatibhe GME data confirm the KOPS
findings from Northern Germany in clearly distinatban and rural regions in Southern
Germany. Therefore and because of the consistdrtbg eemission rates in different cohorts,
the observed patterns of differences in remissiboverweight in preschool and primary
school children are likely to be internally valid.

External validity might be an issue, since theda dlave been generated in one country only.
Although there are limited data on the increaseh@ prevalence of overweight during
primary school years, most available data from rottmeintries suggest a similar increase in
the prevalence during primary school yéars This is plausible, since a switch to sedentary

life style marks school entry everywhere. Therefamedata are likely to be externally valid.

Conclusions:

Primary school age is critical for the developmehbverweight and obesity in childhood.

The increase in prevalence during this age perimas dhot appear to reflect solely a higher
age specific incidence, but at least equally a drigbersistence of overweight / obesity.
Preventions targeting the occurrence of overwelgitiesity in normal weight children may

need to be supplemented by interventions targdtetilaren already overweight in primary

school age.
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TABLE 1. Study characteristics of the studies analyzedcdP¢ages are related to non-

missing values.

KOPS

SEH 2001/2002

GME

Sample size, n

1194

5045

1235

Male children, n (%)

594 (49.7 %)

2614 (51.8 %

§26.6 %)

Low parental education, n

(%: if information available)

291 (24.4 %)

[missing: n=0]

1485 (30)5

[missing: n=171]

274 (23.7 %)

[missing: n=80]

Maternal overweight, n

(%: if information available)

274 (27.0 %)

[missing: n=178]

1255 (26.3 %

[missing: n=275]

18 8.0 %)

[missing: n=100]

Mean (SD) age at 6 years [y]

6.2 (0.4)

6.0 (0.4)

0 (6.4)

Mean (SD) age at 10 years [

] 10.0 (0.5)

NA

10.@Y0

NA: data not available




TABLE 2. Rates of prevalence, incidence, remission and giergie of overweight (including obesity) and olyebittween the age of 2 years

(initial) and school entry (final), with 95% conédce intervals of total proportions in square bessk

KOPS

SEH 2001/2002

Total

Overweight | Initial prevalence| 143/1194 (12.0 %) 395/5045 %8 538/6239 (8.6 [7.9, 9.3] %)
Final prevalence | 149/1194 (12.5 %) 518/5045 (103 % | 667/6239 (10.7 [9.9, 11.5] %)
Incidence 94/1051 (8.9 %) 372/4650 (8.0 %) 466/5B02.[7.5, 8.9] %)
Remission 88/143 (61.5 %) 249/395 (63.0 %) 337/6236 [58.4, 66.7] %)
Persistence 55/143 (38.5 %) 146/395 (37.0 %) 2@1(83.4 [33.3, 41.6] %)

Obesity Initial prevalence| 23/1194 (1.9 %) 60/5045 (1.2 %) 83/6239 (1.3 [1.1, 1.6] %)

Final prevalence

36/1194 (3.0 %)

145/5045 (2.9 %)

81/6239 (2.9 [2.5, 3.3] %)

Incidence

27/1171 (2.3 %)

132/4985 (2.6 %)

159/6(256 [2.2, 3.0] %)

Remission

14/23 (60.9 %)

47/60 (78.3 %)

61/83 (1857, 82.6] %)

Persistence

9/23 (39.1 %)

13/60 (21.7 %)

22/83B(PHI.4, 37.3] %)




TABLE 3. Rates of prevalence incidence, remission and pensis of overweight (including obesity) and obesiggween school entry (initial)

and age of 10 years (final), with 95% confidendenvals of total proportions in square brackets.

KOPS

GME

Total

Overweight | Initial prevalence 149/1194 (12.5 %) 178/1235 (164 327/2429 (13.5[12.1, 14.9] %)
Final prevalence | 259/1194 (21.7 %) 316/1235 (256 % | 575/2429 (23.7 [22.0, 25.4] %)
Incidence 137/1045 (13.1 %) 169/1057 (16.0 %) 30B22(14.6 [13.1, 16.1] %)
Remission 27/149 (18.1 %) 31/178 (17.4 %) 58/37771 [13.8, 22.3] %)
Persistence 122/149 (81.9 %) 147/178 (82.6 %) 269(82.3 [77.7, 86.2] %)

Obesity Initial prevalence 36/1194 (3.0 %) 41/1235 (3.3 %) 77/2429 (3.2 [2.5, 3.9] %)

Final prevalence

42/1194 (3.5 %)

70/1235 (5.7 %)

2/2429 (4.6 [3.8, 5.5] %)

Incidence

23/1158 (2.0 %)

41/1194 (3.4 %)

64/2352 [2.1, 3.5] %)

Remission

17136 (47.2 %)

12/41 (29.3 %)

29/77 (32619, 49.4] %)

Persistence

19/36 (52.8 %)

29/41 (70.7 %)

48/7TB(ED.6, 73.1] %)




TABLE 4. Total overall rates (pooled data from KOPS and GMEincidence and remission of overweight (inchgliobesity) during primary

school age in subgroups defined by sex, parent8l &tl maternal overweight (if information availgbMth 95% confidence intervals in square

brackets. P-values were derived from Fisher’s etamtt

Yes

No p-value
Incidence | Male children 159/1067 (14.9 [12.8, 17.2] %) 14B33(14.2 [12.1, 16.5] %) 0.67
Low parental education88/449 (19.6 [16.0, 23.6] %) 200/1585 (12.6 [1140.4] %) <0.01

Maternal overweight 90/489 (18.4 [15.1, 22.1] %) 78M372 (13.0 [11.2, 14.9] %) <0.01
Remission Male children 29/152 (19.1 [13.2, 26.2] %) 29/116.6 [11.4, 22.9] %) 0.57
Low parental SES 15/116 (12.9 [7.4, 20.4] %) 43/(2R6 [16.1, 28.0] %) 0.07
Maternal overweight 13/103 (12.6 [6.9, 20.6] %) /187 (21.4 [15.7, 28.0] %) 0.08




TABLE 5. Rates of incidence of overweight (including obésityd obesity between 2years (initial) and schatlygfinal) as well as between
school entry (initial) and age of 10 years (finalxhildren lying in the lower vs. upper half oktsample-specific BMI distribution at the age of 2

years and school entry, respectively, with 95% iclemice intervals of total proportions in squareckess. P-values were derived from Fisher’s

exact test.
L ower half Upper half p-value
2 years — school entry Overweight | 131/3120 (4.2 [3.5, 5.0] %) 335/2581.01131.7, 14.3] %) <0.01
Obesity 23/3120 (0.7 [0.5, 1.1] %) 136/3036 (8B[5.3] %) <0.01
School entry — 10 years | Overweight | 51/1215 (4.2 [3.1, 5.5] %) 255/887 (225.8, 31.9] %) <0.01
Obesity 1/1215 (0.1 [0.0, 0.5] %) 63/1137 (5.8[4.0] %) <0.01




